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HIGH-SPEED AERODYNAMIC CHARACTERISTICS

OF FOUR THIX NACA 63-SERIES AIRFOILS

By Riohard ~. Ilk

High-speed wind-tunnel tests have been made of four thin NACA
63-series airfoil seotions having a design lift ooeffioient of 0.2
with the uniform-load we of meen oamber line to determine the
effectiveness of fommwd movement of the minimum-pressure position
in improving the high-speed lift oharaoteristios of low-drag air-
fOils. Section aero

P
amio oharaoteristios at oonstant angles of

attack from -6° to 12 are presented for Mach nmibers from O*3 to
0.875. The data obtained are compared to similar data for corre-
sponding NACA 64-series airfoils.

For NACA 6-series airfoils less than 12-peroent ehordthiek,
movement of tiinmm pressure &om the 40-peroent- to the 30-peroent-
ohord looaticm results in somewhat poorer high-speed aero@nmsio
oharaoteristieswith regard to force-divergmoe Woh nunibersand
lift-ourve slope, although the differences are small. The super-
oritioal-speed lifi oharaoteristios of the NACA 63-212 airfoil are
slightly better than those of the NACA 64-212 seotion. Thin NACA
6-series airfoils mith minimum-pressure positions ranging from 30
percent to 60 percent of the airfoil ohord appear to ekhibit optiamm
high-speed aerodynsmio characteristicswith the mhimuwpressure
position at 40 peroent of the airfoil chord from the leading edge.
For even the tldnnest airfoil seotions, the rmge of lift ooeff’ioients
over which high foroe-divergence&oh numbers are maintatied appears
to be sufficientlybroad to satis& no-l flight require-ts.

INTRODUCTION

High-speed wind-tunnel tests (refer~Oe 1) of a grouP ofth~
NACA 64-, 65-, and 66-series airfoils having an ideal lift ooeffi-
oient of 0.2 with the uniform-load type of meen oaniberline have
indioated Ynoreasingly betier over-all high-speed aerodynamic oharao-
teristics with fomard movement of minimum pressure fkomthe 60- to
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the possibiliw of
additio~al gains in supercritical lift characteristicswith still
further fo=d moveme=t of miniamm pressure on NACA 6-series d.r-
foi.ls,tests of four NACA 63-series airfoils having thickness-ohord
ratios corresponding to those of the airfoils of reference 1 were
undertaken k the Ames 1- by @&foot high-speed wind tunnel. from
the results of this investigation it was hoped that an optimum
minimum-pressure position oould be determined for NACA 6-series
airfoils havtig a desi~ lift coefficient of 0.2 to be employed on
high-speed airoraft.

APPARATUS AND TESTS”

The present investigationwas
foot high-speed wind tunnel. This
low-turbulence, olosed-throat me
horsepower motors.

oonduoted in the Ames 1- by 3i-
tunnel is a two-dimensional-flows
and is powered by two 1000-

.

.

Four 6.inch-chordmodels, representing the NACA 63-206, 63-208,
63-210, and 63-212 airfoil seetions having uniform-load type
(a = 1.0) mean camber lines, were mnstruoted of duralumin for the
tests. The airfoil ordinates are presented in table I and profile
sketches of the sections appear in figure 1.

.
Each airfoil model was momted so as -to completely span the

l-foot dimension of the tunnel test section, as illustrated in
figure 2. Sponge-rubber gaskets were compressed between the tunnel .

walls and the ends of the models to prevent end leakage, thereby
preserving two-dimensional flow and assuring the measurement of true
section oharaoteristios. ‘

simu~ts.neousmeasurements of section lift, dragg ~d p~*d@j

moment Were made at sngles of attaok remging Nom -6 to 12 by
increments of 2°0 Each model was tested at angles of attack suffi-
ciently high to determine the lift stallat all but the highest
Mach numbers. The free-streaml.faohnumber was varied from 0.3 to
0.375 and the corresponding Reynolds number variation (fig. 3) was
from 1 x 10eto nearly 2 X106 for the 6-inoh-chordmodels~

Lift forces and pitching moments were determined from tunnel-
wall-reaction measurements by a method similar to that for measuring
lift forces described in the appendix to reference 2. Drag forces
were measured by means of the wake-survey method in whioh a movable
9-inch-wide rake of 35 total-head tubes was employed. At the chokbg
Mach number, the airfoil wake extended from the floor to the Oeiltig

.

.



of the test section, thus making it inqossible
the drag. The method desoribed in referenoe 3
the drag ooeffioients. .

3

to accurately evaluate
was used for mmputing

It is believed that angle-of-attaok values are aocurate to+O.1°
and relative emgles for any one airfoil are valid to within +O~05°.
The efiensive Maoh number range over whioh the Ames 1- by @j-foot
high-speed wind tunnel is operated necessitates equipment oapable of
measuring a large range of forcesc The low-speed results, particu-
larly the pitching-moment values, may be unduly dfeoted by errors
in tares and zero readings whioh are of negligible magnitude at
higher speeds.

.

RESULTS AND DISCUSSION

Tunnel-Wall Effects

With the exoeption of oharaoteristios measured at the ohoked-
flow condition, all data of the present tests have been oorreoted
for wind-tunnel-wall interference by the methods of referenae 4.
It has been demonstrated in this referenoe that data obtained under
ohoked-flow conditions mnnot be oorreoted to free-air oharacteristios
beoause no equivalent free-air flow exists. Accordingly, broken
lties have been used to indicate that some uneertain~ exists
regarding the validi~ of data obtained at Mach numb6rs in the
vioini~ of the wind-tunnel ohoking Maoh number.

Lifi Coefficient

Lifi coefficients at constant angles of attaok for eaoh of the
four thin NACA 63-series airfoils are plotted as a funotion of free-
stresm Maoh nunber in figures 4 to 7. Corresponding cross plots
(figs. 8 to 11) at “constantWmh number present the variation of
section lift coefficient with angle of attaok. The lift character-
istics of NACA 63-series airfoils appear to be qualitatively similar
to corresponding data for NACA 64-, 65-, and 66-series airfoils as
presented h refereme 1.

Lift.divergence Mach znmibersfor eaoh airfoil are plotted in
figure 12 as a flrnotionof seotion lift ooeffioient. The Maohnuniber
for lift-divergence is defined as the lowest ldaohnumber corresponding
to an hi?leotion point on the ourve of section lift meffioient versus
Mach nmnber at oonstant angle of attaok. A comparison of the lift-
divergeme data of figure 12 with.similar data of referenoe I for.

.
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N’ACA64-series airfoils shows t~t~ for apl?ro~~tely equal ranges
of usefil lift ooeffioient, the NACA 63-212 airfoil has a sli~htly
higher value of lifi-di~ergenoe~chnaer than the NACA 64-212
airfoil. ~Ver$ the lift-divergence&oh numbers for NACA 63-
series airfoils less *b 12-peroent ohord thiok are lower then
those for NACA 64-series airfoils of mmparable thiakness-ohord
ratios. It Rppems, however, that the range of Iifb Ooeffioients

over whioh the NACA 63-series airfoils exhibit high lift-divorgenoe
Maoh numbers remains sufficiently broad to satisfy nomal high-speed
flight requirements. The effeot of thiolmess-ohord ratio on the
lift-divergenceMaohnumberS shown by figure 13, tidioates that a
deoreaee in airfoil thiokness-ohord ratio inoreases the lift-
divergenoe Maohnumber~ but thiokness variation appears to have no
oonsisted effeo* on the extent of the useful lift coefficient
range.

.

.

.

The variation of lift-curve slope with Maoh number, as affeoted
by thicknese-ohord ratio and minimum-pressure position, is presented
in figures 14 and M. The ouz-vesof figure 14 showno consistent
variation of lift-ourve slope with ohmges in thiolmess-ohord ratio
exoept at the highest speeds where the Mft-ourve slope appears to
tiorease progressively as the airfoil thiokness-ohord ratio deoreases.
The Maohriumber at whioh the’lift-ourve slope attains a maximum
value for a given airfoil deoreasee with tioreasing thiokess-ohord
ratioo The lift-ourve slope reaohes the maximum value at a higher
Maohntier for the NACA 63-212 than for the NACA 64-212 airfoil.
(See fig. 15.) For all the airfoils less than 12-permnt chord
thiok, however, forward movement of the minimum-pressure positicn
fioxnthe 40-peroent- to the 30-percent.ohord station oauses an
e=lier decrease in the lif%-owre slope.

An analysis of maximum-lift-ooeffioientdata (referenoe 5)
obtained from full-soale flight tests and from several high-speed
wind-tunnel tests has shown that the effeot of Reynolds number on
the maximum lift ooeffioient deoreases tith increasing Mach numb,er
and vanishes at a Maoh number of approximately 0.55. Thus, it C&n
be assumed that the maximum lift ooeffioients obtained at Mmh
numbers of 0.6
soale Reynolds

In figure
?&hnumber is
ouzwes of this

and above in the present test are reliable at full-
numbers.

16, the variation of maximum lift ooeffioientwith
shown for the NACA 63-seri,esairfoils tested. The
figure indioate that at blachnumbers ~reater than

0.7 the maximum lift ooeffioient increases with prog~essively
decreasing thiokness-ohordratios. The curves of figure 17, which

. present the effeot of minimum-pressure position on the maximum lift
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ooeffioients shm that the values of maximum lift coefficient for
the l?ACA63-212 airfoil exoeed those of the NACA 64-212 airfoil
above a Woh nuniberof 0.675. NACA 6-series airfoils less than
12-percent ohord thiok efiibit lower values of maximum lift eoeffi-
oient with the minimum pressure at the 30-peroent- rather than the
40-percent-ohord position.

The variation in sngle of~zero lift with Maohnumber is shown
in figure 18 for I?ACA63-series airfoils of various thiokness-ohord
ratios and in figure 19 for comparable NACA 68- and 64-series air-
foils, The angle of zero lift a pears $0 have no oonsistentvaria-

?tion with thiohess-ohord ratio fig. 18) but forward movement of
the minimum pressure, from the 40-peraent- to the 30-percent-ohord
positicm, tends to shift the values oloser to 0° as shomnby figure
19. with an increase tikoh numbers the angle of zero lift remains
fairly cmnstsntuntil tie oritical,~eh number of the airfoil has
been exoeeded, after whioh it inoreasea in the direotion of OO.
This 3ncrease in the zero-lift angle has an adverse effeot on level- ‘
flight trti conditions and greatly affeots high-speed stability.
Movement of minimum pressure frontthe 40-peroent- to the 3&percent-
ohord position results in no sigpifioant ohange in the variation of
angle of zero lift with Maoh numiber. (See fig. 19.)

Drag Coefficient

Curves of seotion drag aoeffioient versus ?&chnuniber are
presented in figures 20 to 23 for the four NACA 63-series airfoils
at oonstant angles of attaok. Corresponding oross plots of seotion
drag ooeffioient as a fumtion of lift ooeffioient for constsat
Maoh numbers are shown in figures 24 to 27* fiomthe curves of
figures 20 to 23, it oanbe seen that, at small sngles of attack, the
value of the drag ooeffioient remains nearly oonstant until the
eritioal speed of the airfoil has been exoeeded. At higher augles
of attaok the drag aoeffioient experiences a deorease immediately
preoedtig the fhal abrupt drag rise. This s~e effeot WM observed
in the tests reported in referenoe 1 and it appears to be oharaa-
teristio ofNACA 6-series airfoils at the Reynolds numbers of the
present tests.

The Maohnwiber of drag divergence for a given airfoil angle
of attaok is arbitrarily defined as the Maohnumiber at whioh the
slopes of the drag oumes of figures 20 to 23 are equal to 0.10.
The drag-divergence Maoh numbers determined by this oriterion are
h good agreement with those obtatied by.fie me*od of referenOe 1.
In figure 28, the drag-divergeme Woh numbers for eaoh airfoil
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are plotted as a i%notion of seotion lift coefficient. mom e,Oom-,
parison of the curves of figure 28 with similar data of referenoe 1,

.

it oan be seen that both the Maohmmber for drag divergence and
the extent of the lift-coefficient range over whioh high drag-
divergenoe Maoh numbers are efiibited decrease as the minimum pres-
sure advances from the 40-peroent- to the 30-peroent-ohord location.
That a deoreaae in airfoil thiokness-ohord ratio deleys the onset
of the abrupt drag rise to higher Maoh numbers is indioated by the
~ta of figure 28whioh presents the effeot of thiolmess-ohord ratio
on the &oh numbers for drag divergence.

The variation of the seotion drag aoeffioient with Maohnuniber
at ‘thedesign lift ooeffidmrt for the NACA 63-series airfoils is
oompared to corresponding data for l?ACA64-series airfoils in
figure 29. This comparison tidioates that the high-speed drag
oharaoteristios of the NACA 64-series airfoils are slightly better
than those of the M4CA 63-series airfoils.

Moment Coefficient

Quarter-ohord pitohing-moment ooeffieients at constant angles
of attaok are presented as a function of Maoh number in figures 30
to 33 for eaoh of the NACA 63-series airfoils. The pitmhing-moment
data are moss plotted as a function of section lift ooeffioient in

.

figures 34 to 37. For airfoils wusberedwith the uniform-load @pe
of mean line, the experimental moment ooeffioients are usually less
then would be predicted from thin-airfoil theory. (See referenoe 2.) -
k figures 34 to 37, the low-speed experimental values of quarter-
ehord moment coefficient at the desi~ lift ooeffioient agree fairly
well with the theoretical coefficient of -0.05 (refereme 2) for the
a = 1.0 mean line. The difference between the theoretical and the
low-speed experimental quarter-ohord moment ooeffioient, particularly
for the NACA 64-208 airfoil (fig. 39), is probably due to a slightly
warped mmber line resulting fioxuoonstruotion errors.

The effeots of airfoil thiolmess and position of minimum pressure
on the variation of moment ooeffioient with Maoh number at the
desig lift ooeffioient are shown in fi res 38 and 39. Neither

rvariation in the thiokness-chord ratio fig. 38) nor forward movement
of the mink pressure (fig. 39) appears to oause a consistent
variation in the pitohing-moment ooeffioient.

EmFi5mmum—- --.—
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CONCLUSIONS

Worn high-speed wind-tarcneltests of four NACA 63-series air-
foils, and from previous whd-lmnnel tests of corresponding l?ACA
6-series profiles, several conclusions are drawn;

1. NACA 63-series airfoil sections of thickness-chord ratios
less than 0.12 efiibit somewhat poorer aerodynamic characteristics
for high-speed applications with regard to force-divergence bkich
numbers and lift-curve slope then do corresponding lWCA 64-series
airfoil sections~ the differences being smalls humever~

2. The NACA 63-212 airfoil section is slightly more suitable
for high Mach number applications than the NACA 64-212 from the
standpoint of supercritical-speed lift characteristics.

3. For NACA 6-series airfoils with mininmm pressure positions
ranging Nom 30 percent to 60 percent of the airfoil ohord, optimm
high-speed aerodynenic characteristics would appear to be derived
from those airfoils having the location of ndnimwn pressure at 40
percent of the airfoil chord from the leading edge.

Ames Aeronautical Laboratory,
National Advisory Comittee for Aeronautics.

Moffett Fie~d,

1. Vau D@, Milton D.,

.
Calif.
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TABLE 1.- ORDINATES OF THE NACA 63~s
mom ~sm3D. WM 63-206.

[Stations and ordinates given in
percent of airfoil ohord]

Upper surfaoe Lower surface

StatIon Ordinate Station ordinate

o 0 0 0
.458 .551 .542 - .451
.703 .677 9797 -9537

1.1
3

.876 1.303 -.662
2.43 1.241 2.562 -.869
4.%2 1.776 5.068 -1.144
;.42: 2.189, 7*571 -1.34i

2.526 10.070 -1.4$?2
14:934 3.058 15.066 -1.712
19. *1 3.451 20.059 -1.859
2k.BO 39736 2’5.050 -1.946
29. g60 3.926 30.040 -1,992
34.970 4.030 35.030 -1 ● g70
39**1 4-042 40.019 -1. goo
44.9gl 3m~2 45.009 -1.782
50.000 ;::: 50.000 -1.620

%*Z
54.992 -1.422

3a33s 59.995 -1.1*
651020 3 ● 012 64.*O -.952
70.023 2.642 69.977 -.699
75.023 2.237 74.977 -.447
80.022 1.804 79.978 - .23.2
85.019 1.356 84.*1 - .010
9.013 .goo 89**7 .134
95.006 .454 ~g::g 0.17S

100.000 0

L. E. radius: 0.297
Slope of radius through L.E.: 0.0842

—.
NATIONAL ADVISORY

~co-- COMMITTEE FM AERONAUTICS

. .
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TABLE1.- Continued. NACA 63-208.

[Stations and ordinates given in
. .,~rcent of airfoil chord]

Upper surfaoe Lower surfaoe

Station Ordinate Station ordinate

o 0 0 0
● 444 .715 .556 – .615

~ .687 .876 .813 – .736
1.179 1.131 1.321 -.917
2.418 1.55?2 2.582 -1.220
4.909 2.266 5.091 -1.634
7.406 2.780 7*594 -1.932
9.906 3.201 10. og4 -2.167

14.912 3.861 15.088 -2.515
19.922 4.345 20.078 -2.753
24.$Fj4 4.6w .25.066 -2.$X30
29.947 4.918 30*053 4.974
34.961 5.030 35.039 -2.go
399974 5.027 40.026
44.g88

-2.885
4.919 45.012 -2.729

50.000 4.717 -50.000. -20511
55.011 4.429 54.999 -2.239 -
60.019 4.069 39991 -1.97
65.026 3.645 64.W4 -I.585
70.030 3.170 69.no -1.226
75.031 2.657 74.$%9 -.867
80.029 2..115 799971 -.523
85.025 1.563 8~.975 - .217
93.017 1.013 89.993 .021
~.oo8 .494 94*992 .138

100.000 0 ,100.000 0

L. E. radius: 0.503
Slope of radius through L.E.: 0.0842

NATIONAL ADVISORY
..—4. .
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TAME I.- Continued. NAOA
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63-21o.

[stations d ordinates given in
percent of airfoil chord ]

Upper surface I Lower surface

Station IOrdinate I Station I Qrdinate

o
.430
.669

1.162
2.3s$
4.886
7.382
9.882

14.890
19. %)2
24. g17
29* 933
34.51
39*968
44.$85
50.000
55.013
60.024
65.032
70.037
75.038
80.036
85.030
go. 021
B .010

100.000

0
.876

1.107
1.379
1.939
‘2●753
3 ●372
3.877
4.666
5.240
5.647
5.910
6.030
6.009
5.861
5.599
5.235
4.Y86
4.;64
3.684
3.061
2.414
1.761
1.121

.530
0

0
.570
.831

1.338
2.602
5.114
7.618

10 .u,8
15.11o
20.098
25.083
30.067
35.049
40.032
45.015
50.000
54.*7
599976
6h g68
69.963
74. 5%2
799964
84. $qo
89. 9?9

0
-.776
-.967
4.165
-1.567
& .121
-2.524
4.843
-3.320
-3.6h8
-3.857
-3.966
-3 ● $q’O
-3.867
-3.671
-3*393
-3.045
a. 644
-2.205
-1.740
-1.271
-.822
-.415
-.097

.102
0

L. E. radius: 0.770
~lope of radius through L.E.: 0.0842

NATIONAL ADVISORY

COMKITTEE FOR AERONAUTICS

.
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TABLE 1.- bnolud.ed. WA 63-212.

[Stations and ordinates gtven in
peroent of airfoil chord]

U

Upper surface Lower surfaoe

Station ordinate station ordinate
t

o 0 0 0
.417 1.032 .583 -.932
.657 1.260 .843 -1.120

1.145 1.622 1.355 . -10408
2.378 2.284 2.622 -1.g12
4.863 3.238 5.137 <.@6
7.358 39*3 7.642 -3.115
9.859 4.554 10.141 -3.520

14.868 ~.:;; 15.132 -4.I.24
19.882 20.u8 -4.545
24.w 6:606 25.100 4.816
29.g20 6.922 30.080 -4.558
34.941 7.030 359059 -4.go
39*962 6.99. 40.038 -4.849
44.982 6.799 45.o18 -4.609
50.000 6.473 50.000 4.267
55.016 6.030 54.9!34 -3.840
6&.02g 5.491 59*971 ~;.;;:

4.87o 64.952
70:043 4.182 69.557 &238
75.045 3 ● 451 74.555 –1.661
80.042 2.658 79-958 -1.106
85.035 1.947 84.955 -.601
9.025 1.224 89.975 - .lgo
95.012 .566 &4:g O.m

100.000 0

L. E. radius: 1,087
Slo~e of radius through L.E.: 0.0842

--~— NATIONAL ,,,,.S0,,
—. - ‘- ‘--- -4 ~MMIUEE Fon *EROMAUTICS

.

.



NAGA RM No. A7J23 Fig. 1

.

GONFll)ENTl
~Lg!

-. -. _. . ..— =

NACA 63-206

.
NACA 63 “208

NACA 63-”210

NACA 63-212

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

FIGLJRE l.-NACA 63- SERIES AIRFOIL SECTIONS HAVING UNIFORM-
LOAD TYPE <a=l.0) MEAN CAMBER 1..It4E. -...- . .

‘:C.ONFIDE”NTIAL .,.

.



NACA RM No. A7J23 Fig. 2

E--—:.,—,.—..
— ..-

.J—-.—.-,..—i.+...—=
.&”

i

~

6.–. ----
“—. — a

k==+~---—
- ‘-+

..- . . ..-*
.=_ ..=

--c==+_ * --= --
-,:: m.- _

+,-—- -- ._-. ‘“q
.J

-—... ---

.“==4—
.=_

““.;-
-“ -. ,.

4
J—.

----
— . . . ..- ,-

~-. ,.
-:.

s-. - 5 . . . -– . . . ...3
—,

EiEL4iiii-

Figure 2.- Airfoil model mounted in the test
section of the Ames 1- by ~foot high-speed
wind tunnel.



NACA RM No. A7J23 Fig. 3
*

.

3.0
.

.

2.0

II-J
z
o
z

:

2
.

0!
: 1.0

~

2

(n
a

d

f

$

NATIONAL ADVISORY

o

04 .3 .4 .5 .6 -7 .8 .9 1.0

MACH NUMBER) M

FIGURE 3-- THE VARIATION OF REyNCLD5 NUMBER WITH

MACH NUMBER FOR A 6-INCH-CHORD AIRFOIL
IN THE AMES 1– BY 3%-FOOT HIGH-SPEED WIND

TUNNEL.
. .

~FIOEbJT@-

.

.



.

n-l
ox
Zm

ti
o

a’

.

.

i
1A’ ! +/J--L-L-# 1 1 I I i A 1

I I

i
y ‘& I / n 7.4

/’
b 4-” ‘<

“a

7
0

, v

, v, I
, ,

I



NACA RM No. A7J23 Fig. 5

.

.

1,.4

1.2

I.0
== 10°

I2° 7 w

.8 ~o,

.6 - 4aA?

: .4, 2?<)
i-
Z ,
w
u
EL
g .2,

0°.] m .
T-

h- -
b

u
MACH NUMBER, M1-

50 +
.3 .4 .5 1 .6 .7 .8 .9 1.0

z
-20~ x

x—

~ ‘---=f-+y-xy ~ ,

5 - =x,

L% -.2 x-

-4° + F~
~~ +-+ *

‘+%
-.4 ~ ‘+ .

-6°{ 3 .< , ‘\ + +

\%
/+f

-.6. >

*G -~
L

NATIONAL AOVISORY \
COMMITTEE FOR AERONAUTICS

-.8 t , \

FIGURE 5.-THE VARIATION CIF SECTION LIFT

WITH MACH NUMBER FOR THE NACA
z C32jYZIDENTIAJ

COEFFICIENT

63-2o8 AIRFOIL.



Fig. 6 NACA RM No. A7J23

—5?mTmN~
1.2

———...

1.0
(dilo: f

Oc=

.8 .,
6°~?

7 I
+

.6— — — ~ ~ -
4“1~

.4 )

6
2°<>

(\

.
;
[d .2— — — — — —.. .,
() 0“3
:
M MACH NUMBER , M

:0 + .3 .4 .5 .6 .7 .8

~ - 2“ lx— —x
I ‘“-,—x— ~— -c.>

—x y. ...k. x

z Lx,v
T -.2 \fl -x.,

\x

: -4” +
u) + /+.

~+ -+
/

Y

-“.4
-.

‘% ~ + /
~+-.. /+

-&( L ..- ____ ,, +—+- + \
/

-. 6.
K

Y , /“

I
NA-IOSAL fiDVlSJ3RY

--- R

WhlMfrlCE FOR AERONAUTICS
I I I I

FIGURE 6.-THE %ARIATIoN GF SECTloN L“IF7 C~~FFlcl~~T ‘iTH

IMACH NUMBER FOR THE NACA 63-~lQ Al~FolL.

&QNFID~T~ .-+ -- .-

.

.

.

.
. .



NACA RM No. A7J23 Fig. 7

5
Ill
u—

t-
IL

i

l.? - -CONFIDENTl&

..

Lob
C=lo”c!dllllbddll

~“++YTwNi- :1
Dl=&-u

‘
P

.8

.6

.4

.2

0

‘.2

.4

-r —

I2“

I /“

6“ +---- -
/

h

/ fi
w

4°~~ ~ r

/

\
.-

0° y———— A
r b

I MACH NUMBER , M

.3 .4 .5 .6 .7 .8
\

.9 .1.0

-2” y h
x ) c—x .

X-LX -X_x _
x

_ -40+_ /
+ ----+.+

I +. -
‘+\

—,-6° ~ I I A

-H-+::”RI-llll, l“1 I I I&l-l I I I
I

r- 1 I
1

I

-.8

NATIONAL AOVISORY
cOMMITTEE FOR AERONAUTICS

I I 1

FIGURE 7.-THE VARIATION OF SECTION LIFT COEFFICIENT WITH
MACH NUMBER FOR 63-212 AI QFoIL.



.8

.61 1 1 1 1 1 1/ 1 1 , . I

VI I I I r 1 1
t

1

/1
1

A
I w w
I A A

1-

3,
:
c
:

-.7-

-.4

-.6

-.8

I
v 1 1 I 11 , I

I v v v

,

F16uw 8.-THE VARIATWN w S6CTW LIPT c.ae.=mwrr wrm

mm w ATT&X POR THE NAC.A 63-

, I

.
!: ~! ,’” 1:’ !1



* * . *

I .Z

1.0

.0

.6

;
1A

-.

0

g

1=

-, 2

-,

z

4

.6

B

I /r
I I I I I

From? 9.-

ANM.E

k VAUATION OF SMCTION 1.IFT cOEFFtCIEPW wrrH

z
o

.’

m

.n

I



1.2
?i

:

[.0
0

.6

.6

.4

.2

0

—.2

z
-. 4 >

0
*

-. b
!n

z

z

‘a
o

-.

FIGWE 10. T7AE V*TW OF SECmON Lm COE=FICW WITH
+

ANGLE OF ~ACK =UR WE NACA 63-210 AIRRXL. 2
N
w

. ,. i
I

.



, . ● ✎
✎

✎

i’

-.2

-.4

-.6

-.8 ~
M.

FIGURE I I.- THE VAP.KTION OF ‘-ION LIFT COEFFpENT WITH
ml

PWGLF OF ATTACK FOR THE,~#WA 63-21 IL. .



-.& -.6 --A -.2 0 .2 .4 .6 .8 I .0 I.2

SECTION L!FT’ COEFFICIENT, ~1

(a) NACA d3-206 AIRFOIL

~I~WR~ ! 2:-HIS V,421ATION OF LIFT- AN: D12AG-DIVEWENcE

MACH NUMBERS WITH SECTION LIFT COEFFICIENT I=OQ

NACA 63- SERIES

I I

.
1,

. .
I

‘iCE

~
.

m



* . , .

.

.0 P

9 + M FOR LIFT DIVERGEI

OM II DRAG II

/ - \

.+’

.8 P . \+. -

/ ( \ ‘ ‘+,
+- ‘ % 1

~ .7 c‘
. ‘+

a

:

\ _& 7’

z

~ .6
/

5

2.5
POINTS TAKEN FROM

FAIRED CURVES

I I
NATKIWJ. AD BOW

I
sp CWITTEE FOR AERONAUTIC?

o

4CE

J I I I I I I I I I I I I

-.8 -.6 -.4 -.2 0 .2 .4 .6 .8 1.0 1.2

SECTION LIFT COEFFICIENT , CI

(b) NACA 63-2o8 Al~FOIL



1.0 .14——=nm—

.9 + M FOR LIFT DIVERGENCE

OM H DRAG ‘1

.8 ~ +
\

- . +- -

/
-

+
< . +=

.7 / /
/ ~ t

\

J
‘+.

+’
,p---- ‘ “

‘ -+
, \ —

I I I
NnTICUAL ADVISOR,

I
COMMITTEE FOR AERONAUTICS

.0

.5

-?

1 1 I , , ,
PCINTS TAKEN FROM

FAIRED CURVES

01
I I I I I I I I I I I I I I I I I I I I

-.8 -.6 -.4 :2 c1 .2 .4 .6 .8 I.3 1.2

SECTION LIFT COEFFICIENT, CI

(c) NACA 63-210 AIRFOIL

m

, .
1



, . , ,

1.0

.9

.8

.5

+ M FOR LIFT DIVERGENCE
O M II DWG II

/

-
\

?.

\

/“ \
. .+

\

/

/ p . ~ -+=

\ \ L

\
. +\

+
\
+

PoINTS TAKEN FROM

8FAIRED CURVES _

I 1 I I
Im’rmiu mWllmlW

cWMITTEE FOR AERONAUT!4S

,8 ;6 -.4 72 0 .2 .4 .6 .8 1.0 1.2

SECTION LIFT COEFFICIENT , Cl,

(d) NACA 63-212 AIRF;IL

FIGURE 12.-CONCLUDED.
,,



“FIGURE 13 .—
NUMBERS

COMPARISON OF LIFT-DIVERGENCE

FOR NACA 63- SERIES AI RFOI’LS.

— NACA 63-206

‘–––– NACA 63-208
— —-— NAC/% 63-210

—–-NACA 63-212

\

\
\

\ :’ ~

\
\ \

\

NATWML ADVISORY
MMMTTEE FM AERON IC9

.8 1.0 1.2

MACH

~
i-.

m

w

. .
I I .1’

1
I



.

.

.

*

NACA RM No. A7J23 Fig. 14

.

.32-

.28

.24 - — NACA 63-206
–-–– NACA 63-2o8

—-- NACA 63-212~ .20
IY
:
a

s .16a

4
Uti
-cl
-.12
k!
o
(i

$ .08

s
o
I

k .04
J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

o
0+ .3 .4 .5 .6 .7 .8 .9 I.0

MACH NUMBER, M

FIGURE 14.-THE VARIATION OF LIFT-CURVE SLOPE WITH

MACH NUMBER AT THE DESIGN LIFT COEFFICIENT

FOR NACA 63- SERIES AIRFOILS.

. .

—

“@=siw-



Fig, 15 NACA RM No. A7J23

.3 /

— NACA 63-206

---- NACA 64-206 (REF. 1)
.2

.1

0
0

.2 - NACA 63-2o8
----NACA 64-208 (REF. 1)

u

: .1
w
n

$

(l

o
0+ .3 .4 .5 .6;t$ .7 .8 .9 I.0

-OV,2 —fNACA 63-210 ~
l.L- /
Q ---- NACA 64-210 (REF. 1)

5
I e /

\
m ---- ---

u -j
_ --- ---

2

2
I

0 ,
k 0+ .3 .4 .5 .6 .7 .0
i -2 —NACA 63-212

./

c)
COMMITTEE FOR AERONAUTICS

0+ .3 .4 .5 .6 .7 .8 ..9 1.0
MACH NUMBER , M

FIGURE 15.— COMPARISON W THE V%RIATION OF LIFT-
CURVE SLOPE WITH MACH NUMBER AT THE DESIGN
LIFT COEFFICIENT FOR NACA 63--AND 64-SERIES

.

.

-—

AIRFOILS.
_~NT.JAE-
—. —.-...
. .—---



NACA RM No. A7J23 Fig. 16

+“

.

.sC~lA L“.- ..
1.3

:1.2 NACA 63-2o6
G ––––NACA 63-20~ / -

/

i-’ —-—NACA 63-210

5 1.1 —--NACA 63-212

z

k / ‘
~-

:
>

/’
0 1.0 \ . /

/
/‘

k
-— ~ / —

z ~. . { /
--- _-—. /--- =.

z .9
g
~

:

:

?0 +
NATIONAL AOVISORY

COMMITTEE FOR AERONAUTICS

;0
.3 .4 .5 .6 .7 .8 .9

z MACH NUMBER , M

FIGURE 16.-THE VARIATION oi= MAXIh4utd SECTION LIFT

COEFFICIENT WITH MACH NUMBER FOR NAGA

63-SERIES AIRFOILS.
=cONFIDEIWI+----- -

.



-, 17 NACA RM No. A7J23

tiNFIDEN~JAL=

I I
1.2 ‘-— N.ACA 6q-?06 (t?FF 1)

— NACA 63-206 .r

1:0
/--

-- --- - ---- ——— —-- /

.8

0+ .3 .4
*M-

.5 .6 .7 .0 ●9
1.7

I I [ I I I I )
---- NACA 64-208 (REF. 1)

NACA 63-20~ .~\ ●

I.0 “
/ /“

f
-- ---

- -. - .+ ~.- - ——- . <

.8
0+ .3 .4

-M-
.5 .6 .7 .0 .9

1.2 I I I 1 1 I 1

‘–- NACA 64-210 (REF.1)

— NACA 63-2Io , -..
/

I.0
.// \

--- _

-. ___ ___
—— ___ —-

..—

.8<> M-
.3 .4 .5 .6~ .8 .9

1.2 I I I I I I
-—— NACA 64-2I2 (F?EF. 1>

NACA 63-2I2 ~.

I.0 ./L--~ \.- .--- __ / - ‘A——--- N-

NATIONAL ADVISORY

.8 4

COMMITTEE FOR AERONAUTICS

0’ .3 .4 5 .6 .7
MACH NUMBER, M

FIGURE 17.– COMPAPJSON OF THE VARIATION
SECTION LIFT COEFFICIENT WITH MACH

.0 .9

OF MAXIMUM
NUMBER FOR.

.

.

--- r .—

.

.

.
NACA 63-AND 64-.sE ‘IE5 AIRFOILS.●C-O&L

4



NACA RM No. A7J23

I

o

-4

FIDENT-m

/1/
— —- -

—-. —-- —— -

— NACA 63-2o6
—- NACA 63-208
---- NACA 63-210

—–- NACA 63-212

1 I I
NATIONAL ADVISORY

cOMMITTEE FOR AERONAUTICS

FIGURE 18.-THE
WITH MACH

Al~FOILS.

VARIATiON OF ANGLE OF ZERO LIFT
NUMBER FOR NACA 63-SERIES

.

.



Fig. 19 NACA RM No. A7J23 .

2

I

o

-1

–2

–3

I

o

I

0

-1

-2

-3

~PJFIDEWTIAb. .......-

.- 1 .’4 .5 .6 .7 .8 .9 ~

+. . -. ..-_ - --
.---, ----

— NACA 63-206
---- NACA 64-206 (REF. 1) –

.
NACA 64-208 (REF.l)—

.3 .4 .5 .6 .7 .8 .9

I I

M

A I
I I I

I
I I I I //

-. ..-. .- —-- ,---- _____----- ---

—— NACA 63-210
1, .-—

‘- F. [)—~ ----- NACA 64-210 WE1 ~ ,
1111.
MACH NUMBER , M I

;3 .4 .5’ .6 .7 .8 1.9
//

/
#---- ------ -- --- —L------- --- ---- ---

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

I 1
— NACA 63-212 I
---- NACA 64-212 (&F. [) –

...

FIGURE 19.— COMPARISON OF THE VARIATION W= ANGLE

OF ZER& LIFT WITH MACH NUMBER FOR NACA
63–AND 64- SERIEs AIRFoILS. “

&,QN.FIDENTIAL

.

.
s-



● NACA RM No. A?J23 Fig. 20 ●

.

.

.

(7J +

.04 r. t x

/?? r /

1 I I I Ml
t-, I I I I I I ._-t-H I 3=n m7-T-riI I i----+------”

>+=

.02

1

r Al

4
—— ———

n ~—~—x— —x-x=x=x=x

NATIONAL AOVISORY

o
COMMITTEE FOR AERONAUTICS

0+

1

.3 .4 .5 .6 .7 .8 .9 I.0
MACH NuMBER, M

FIGURE 20:THE VAiWATION OF SECTION DRAG COEFFICIENT WITH

MACH NUMBER FOR THE NACA b3-206 AIRFoIL.

==CON~lQEPIlj&-



Fig .21 NACA RM No. A7J23
●

.22”
CONF’lD~

.

/4 - * <.,

.20 /

t 7
I

.18 I

.= ~<,
/ ‘

/
w r

.- 1 7
.16 1 /- /

/’
/
/

.14 O(x: - 6“ 6s

-1 -4(’ P ‘-
1

x -2” /
n 0° /

.12 - 0 2“ I

A 4“

v 6n
P 8 “-

.10 4 100

?
5

.08 ~ > \ !/
/ /9/

Y

.06

.04

(,- A
* x

.02
Yw

‘-..=.. :
NATIONAL AOVISORY

o
COMMITTEE FOR AERONAUTICS

() .3 .4 .5 .6 .7 ‘.8 .9 1.0
MACH NUMBER , M

FIGURE 21.-THIS VARIATION OF SECTION DRAG -COEFFICIENT WITH

MACH NUMBER FOR THE NACA 63-208 AIRFOIL.
b &QNF.lDENTIA~

.

.

.



●

✎

NACA RM No. A7J23 Fig. 22

.22 &.ON-k

.20

?
y

G)CC=-6” 1 #
+ -4° I

.18 x -2” /’
1

0“
<

I ,7

: 2“ I
A 4“ /1

.16 6a / I
v i t
b 8“ I

d IOa <

.14 /’
1

/
/“ 1

4 J
,~\

J’. I2. \ :/
ta

. <

1- /

z
r

G .10 / /
L r

h

:

/
1

a
c)

~

~ .06

:
/
~’ \\ ~

v

.04 F

.02.

@

T (
NATIONAL ADVISORY

o COMMITTEE FOR AERONAUTICS

(ii .3 .4 .5 .6 .7 .8 .9 I.0
MACH NUMBER , M

~tGUF(E” zz:~HE VA~IATION OF SECTION DRAG c~EFFlclE~y w~~~

MACH NUMBER FOR THE NACA 63-210 AIRFOIL.

~ONFIDWTIJlt- —. .. .



Fig .23 NACA RM No. A7J23 *
—...

+ -40
I
I

El 0° I

A

D

3

a
4

I
<.

/ {

f

I 1/’ Y II 1“

+

/ A

J
$ !3

/
<. -

w 1 1

Y

NATIONAL ADVISORY

&

cOMMITTEE FOR AERONAUTICS

o ‘ .3 .4 .5 .6 .7 .8 .9 I.0
hAAc H NUMBER , M

*

FIGURE 23T~HE VARIATION OF SECTION .DRAG COEFFICIENT WITH

MACH NUMBER FOR THE, NA~A 6i3-212 ,AIRFO.IL.
JO.NFl ~: NTjA&

—

.

.

.

.

.-



NAGA

#.

RM No. A7J23 Fi

78 :6 :4 :2 0 .2 .4 .6 .8 I.0 1.2
SECTIO?.4 UFT COEFFICI*, .C~ NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

g.24

—

FIGUP.E24.- THE vAftIATION OF SECTION O*G COeffiCient WITH LII=I- COWFICIENT

FOR THE NACA 63-2cI6 AIWC.IL.

- ..:-ZONF~~LA-



Fig. 25 NACA RM No. A7J23

t’

.10
_$ONFIDE~

\ 1,
\“

‘\
\ /

f /
\ \

1

.00
// /1 /

\ \
\
\ / /
\ / /

I I4

\ \\ \,
\ ,/ /
\\ M =.875

.06 // / 1
,/ /

\ ..0” /
/

/
{

.04 \, ‘ \\T \ , / /
M=.850

r

1

\
/ L — —

.02 \ \\ /
-, /

/ A) / ‘ /

\
\ \ ~M=k — ~

/

o /1/1
\ \~M=.775 /

I- - / ‘ /

o / VI

\ ~750 . / 1

0 I I

\\

\ /

~725
~ “

/

o I

\\ ,’ ~

I
/ /

- M=.700. )

o

\’ \’ A .:

\

M=.675. / / /
1

0 \ I
/1

\ M=.650. - / ‘

o \\ . l-r-- ‘ — — — — — J
/

M=.625,
\ - -

0 \’ , I I 1/
/

M= .6oo.
/ -

/
/

o \ i. I I
I

/

M= .550. / I
\

/ ‘

o I / /
\ \ .=’

I - ‘

M=.500 .. //- ~
1

0 \ I I

\ . M=.400. /
/ -

/ ‘

o \ I

o
‘.8 ‘.6 -.4 -.2 o .2 A .6 .0 1.0 1.2

SECTION LIFT COEFFICIENT , Cl NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

●

✎

— —
-.

-.

-. —

.

.

FIeURE 25: THE VARIATION OF SECTION DRAG COEFFICIENT WITH LIFT COEFFICIENT

FOR THE NACA 63-Z.O8 AIRFOIL.

_QQNFIDENTIAL>



NACA RM No. A7J23 Fig. 26

.10
~a~T[~~ .

\
i I

\ / 1 i
\
\ t

.0a
/, 11 4 /\

\ \ \ \

.06 / / / A

\

\
/

/i~-
td=.85~ - /

/

.04 /II \/
\

\ - <
/ Hv ‘/

\ \ \ M=.825 I r

.02 \ / ‘ / /
I

/ ‘

\ M=. aoo / \
\

/ ‘
/

o \ I /
\ \ I_ M=.775 . A Ii

/

o I I /
\

M=.750

\ ~ 1 ‘ ‘j+- — — - -

/ ‘
/

0 \ / Al I

/ 1 M
/ “

/ ‘

/
0

\ , 1
1

~ “
/ t

0 t
I /

/ 1
L t

0 \ I
/

/
7

\
.

0
I I

/

/ - / [
~

0 \
I
M=.600 . /

/ /

\ I
,

0
I

/ ~ I

0 ‘
w I { /

i M=.500 I
- . t - -

.

0 I /
I
M=.400 . / ‘

I I
— - .

0

y _ _ — M=.W20 .
— -

/ ‘

o I
-.8 z 6 :4 ;2 .0 .2 .4 .6 .8 1.0 1.2

!iECTISN LIFT COEFFICIENT J cl NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

—

FIGURE 26.-” THE VARL4TION OF SECTION DRAG COEFFICIENT WITH LIFT COEFFICIENT

FOR THE NACA 63-210 AIRFOIL.



Fig. 2 7 NACA RM No.

.12 !
i \, /

/ ‘/
i

.10 \ / ,) I I / I
1 \

, // 1
\

\

t

/} ‘ /

\ \ ‘,

\ i,
/

\ \ /’
08 M=.850 ./ / / /

RI
ttti“--1I I \l\l \l 1--4..1 I J-4 I/l/ I/ I /1 II I

) \ v 1 +. Y [ 1 I f 1

.0b \\ , / /‘ / /
\

bl=.&25 .
/

\ /
~ ‘ r

I
.04 \ \ ~ \ / I .

M=.800 /
\ \ I

/
/, - - /
I

.02 - \

\,

M=.775
\ _ _ _ / ~

)

/ [

o / ,/

M=.750 9
/

\
/ / (

o \ I / III / /
\ M=.~25 1- f 1 /

o /
I I

\
\

M=.700
/

/ i
- 1 1

0 \
I I
.M=.675 H

\ \

/ i

o I I
\

r = =, .M=.650. .

0 x I I ,
I

/

o I )
I

\ M=.600 / ‘

o I I
\

M=.550” / ‘
, --

0 I )

w I /

- _ M=.500 /

0 I I
I 0

A - . — M=.400 - / ‘
/

0 I I

/

/

i - — — M=.300 . - ‘

o I
-.8 ‘.6 -.4 -.2 0 .2 .4 .6 .8 1.0 1.2

qECTION UFT CQEFFICIT3NT,., G~ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIWRE 27.- THE VARJATION OF SECTION DFWG COEFFICIENT+ “WITH LIFT COEFFICIENT

FOR THE NACA.63-212 AIRFoIL.

CONFIDENTIAL=

A7J2

-“

3
●

.

,.

.

.



. . I

Lo - — NACA b3-206

------ NACA 63-208

—-— NACA 63-210

,9
—-- NACA 63-2I2

.3 /% ~
/ .
// -. >

-w > \
/ /:> .

. -.. 1-w.

.7
\- :- -%

\
— + 1

\ ~/’ \ ~ ‘
. /~/ “ ~- .

1’

/“
/

//
.6

.5

1 1 1
NATIONAL AOVBORY

4 * CWMTTEE FOR AEROIIAUTICS

I I I I

+3 -.6 -.4 :2 0 .2 .4 .6 “.0 I.0 1.2

SECTION LIFT COEFFICIENT , Cl

FIGURE Z8,— COMPARISON OF DRAG-DIVERGENCE MACH

NUMBERS FOR RIES AIRFOILS. m

N

m



Fig .2$)

z
o
i=
:
v)

NACA RM No. A7J23 .
*

.—--—.

.04
“-”= FIDENT~

— NACA 63-206- /
---- NACA 64-206 (REF. 1) //

.02

\
—.. s-—.---

0 M —
0+ .3 .4 .5 .6 .7 .8 .9 ID

.04 I I
1

. I I
—NACA 63-208 I

.02
---- NACA 64-208 (REF. 1) II

o
0+ .3 .4 .5 .6 .7 .8 .9 1.0

.04

—-NACA 63’210

---- NACA 64-210 (REF.1)’
.02

/ {
..__ ____ ----- .__—

0 4, t“—
0’ .3

I
.4

I
.5

I
.6 I .7 I .8 /1 q M-T?-,+ I I I I I 1/.U4

—NACA 63-212 1

.02
---- NACA 64-212 (I?EF. 1)

.
--—- .--a NATIONAL ADVISORY

--- ___ ___

J..
---- .—— -- COMMITTEE FOR AERONAUTICS

o

Ov .3 ,4 .5 .6 .7 .8 ‘ .9 I.0
MACH NUMBER, M

FIGURE 29.-THE VARIATION OF SECTION DRAG COEFFICIENT
WITH MACH NUMBER AT THE DESIGN LIFT COEFFICIENT
FOR NACA 63– AND 64- SERIES_ &RFOIL SECTIONS.

mD=!?

.

.



NACA RM No. A7J23 Fig .30

.

.3

.2

.

.1

0

-.6

.

-.7

I I I I 1 G1 I

/
+

MACH NUMBER, M }
w I

A/-i/ I
. .

t I
~

I .3 1.4 1.5 1.6 ,.7 1~6/].d I“i.o
1

Occ= -6° -4z

+ -4°
x -2°
E o“
e 2°

I I

I I
I0°

,,
Q \ II

v I2°
I II
I II

It T
\l I

1
I

I

\ /’

I
I

NATIONAL AOVISORY ~F ‘
COMMITTEE FOR AERONAUTICS

FIGURE 30.-THE VARIATION OF SECTION MOMENT

MACH NUMBER FOR THE NACA 63-2o6

.=-T=,=,=—_ —

COEFFICIENT WITH

AIRFOIL.

.



Fig .31 NACA RM No. A7J.Z3 >

.3

.2

.1

-.6

-.7

mNFIDENTILiL=-.

MACH NUMBER, M d /

.3 .4 .5

4

4

7— — ~
3

w
w
v P u

t’ Al. ,.

v’? ,
0 a= A6”

\ $4, \
\\

+ -4° \
x -2°

, \\ !

T
l\

0° l\ \

: 0

A :“
v

0 ‘p

b
;. ,1 I

Q 10° Ii
v

v 12° ,
1’
j

1’
~\

I
\

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

.

—

FIGURE31.-THE VARIATION OF SECTION MOMENT COEFFICIENT WITH
MACH PJUMBEFt FOR THE NACA 63–208 AIRFOIL.

CONFIDENTIAL=
●

,



●

NACA RM No. A7J23 Fig. 32

.

,

.

.3- J@!EilENITW

.2

.1

1
.3 .4 .5 .6 .-7

0 +

$--1

6

7
v VW 7

.

k -.2
w
z ooc=- 6“ \
K
L

+ -4°
u x “- 2°

\
,

: -*3 0°

: 2°
~ A 4°
~ v

~o

3 -.4 D 8“ I \
z 4 10° I \
; F I2°

$-.5 I
I \
I I y~
I

6
;;

-.
1’
l!

-.7
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

FIGURE 32~THE VARIATION OF SECTION MOMENT COEFFICIENT WITH

MACH NUMBER FOR THE NACA 63-210 AIRFOIL.

~.ENTJ~

.



Fig .33 NACA RM No. A7J23

.3

.2

.1

0.

-. 6

-“7

.@3NFlDEN_VAL

*

.3 .4 .5
-1

●9 I 1.0

i’ -4”

m &

—-4--W 0 I I 1 I 1 I 1 i 1 1. I I

D 8“ 4 ~

Q I0° I

F J2° I
I
I
I

i

I
NATIONAL AOWSORY

COMMITTEE FOR AERONAUTICS

FIGURE 33.-THE VARIATION OF SECTION MOMENT COEFFICIENT WITH

MACH NUMBER FOR THE NACA 63-212 AIRFOIL.
-ENTIAL=

.

—

1

*

●



.

.

b

●

NACA RM No. A7J23 Fig. 34

&QNFIDE-N~&—
.1 .... ...

\
\ .
\ \

() ‘\
\ x ‘.

\ M=.875

\ ,
.
‘x

0
\

. ..-

‘. 1-
M~.&\

\ \
\

(-l
\ I I

M: .8?5 -
\

\ \ .
\ _ I I

o \
\

I I
\ .

\
\

\ \ _ M=.80(7

\ \ \ \ .

0
N

\ I I \ \ ‘
\

\
M=.775

\

. \

I
-

\ \’ \
o

\
.

~ \
\

I \
M=.750 \

~
o \

I I
— _

.
- . _ M=.725

\ _
\ 4

- _
\

c) \
s

I I ~
i . M=.700

$ \ I x 1!

~ o

w \ _ M= . b75
~
lb

— I I I A I

;0 \
- _

;

\ _ M=.65o

I
o

2
\ II I I I I I

\ M=.625z
0
~

o
:

\ I

\ _
I

M=.600
I I I

o \ I I I —1 I I %/ I I

I w l\ I I

I I I J I

1

/
I

f //
I I

\

I

,

I

\ I
M=.55i \

I
1’

\
c1 I I I I I I I I I I I I I I I I I 1. f I I

— _ M~.40b_ \
- .

0
I

\

M=.300\
/

-.1

-
/ — \..

:8 :6 74 72 0 2 .4 .6 .8
\

I.0 1.2 1.4
sECTION LIFT GOEFFICIENT , Cl NAT ONAL ADVISORY

COMMITTEE FOR AERONAUTICS

I:16URF 34.-THE VARIATION OF EECTION MOMENT COEFFICIENT WITH LIFT COEFFICIENT

FOR THE -206 Al RFOIL.
. .



FiQ .35 NACA RM No. A7J23 2

.1
‘CONFIDENTl~C

o

\ M=.875

o \ \

\ \

\
M=.850Y

o ~.
\ \

\ M=.82 ,.
\ ‘.

o \
I 1= \ \

\ M=.800 > ‘K ,

0 \
\ ‘\

I I \
\ . \ .M=.775 .

\
\.

o \
1 I

- _
- . \

— -\
1 . — — M=.750 \

o -% — — — —

\ M=.725
—

— .
0 I I

\ . M=.700
— . !

o I

I I >
M=.675 .

80 I I
k \ I (>

- M=.65 0.

4<
0 I I

\
-. M=.b25 r

o I
I

,

- _ M=.60 0. )

o I I I )
tvl=.55o /,

,.-

.,.

..

.,

-

O’iHHlI I

o
I I \ I !

H!l-
1 I I I

M=.500 /
, 1

— _ 1

I I
-?

M =.400 A
, (— -

0 f I i I
M =300

- / “

-.1 I
- 4 ‘ \

-.% -.6 -.4 .-.2 0 .2 .4 .6 a 1.0 1.2

SECTION LIFT coeFwCIENr , .C~ NAtlONAL ADVISORY

cOMMITTEE FOR AERONAUTICS

FIGURE 35.-THE VARIATION OF SECTION MOMENT COEFFIC=NT WITH LIFT COEFFICIWT

+“F”’L

FOR THE NAC.A 63-
~cONFIDEN IAL -:

.

..
:-—

--

● ✌



c NACA RM No. A7J23 Fig. 36

.

.4.oNFIDENTIAEG-------- ------—–
.1

\

0
\

0 \

\
0

0
\

\ I 1

\

0

\

0

\ —
~

\
0

< +111
L “

I 1 I I

M=.725 - ~ \
\

0

0 -
M=.675
I

/

/ >

0
L

M=.650 / “ .

I t -

/
0

\ /
— —. 4

I / ‘

0 /1
. M=.500 /

0
M=.400 / /

0
- M=.300 /

.1. .
-.8 :6 -.4 :2 - 0,,.,. . .2 , ..4 . .6, .8 ~ 1.0 1.2

SECITQN L!F? ,COEFFICIENT ,, CL NATIONAL ADVISORY
A----- COMMITTEE FOR AERONAUTICS

FIsww 36.– THE VARIATION OF &G”T~O-~ ~OM’;NT coEFFlaENT WITH u!=_r mEFFlclENT

!=OR THE NACA 63-210 AIRFOIL.



Fig. 37 NACA RM No. A7J,23

. ~6NFIDE~E
.1 +-.,

\
\

0
. \

M =.850L

\ \
o 1‘< I

\ \ .

M=.825
\ \ \

~..
o 1 -..

\ * \
\ , “. . . .

I
\ --- -. - ,, \

o \ .\
4 \ ,. ‘\

“._ M=.775 - \ \ \

\ -. \

\
. \

o
\ J \ ‘.,

\
\

t.Jl=.750
\ _

o I \
\ \

M=.7z5 - \ _

o
\ . I I - .

\ _

M= .7OO-
~ _

\
o 1

\
— I

M=.675 -
— )

o I I

M=.650
— _

i 1
0

I f
M=.62 5.

— _ Y

o I / )
M=.60 o.. >

0 I
!

/

M=.55 o 1

/’

o
i I
M=.50 o 1- 1 )

1 /

0
I ! — ~ ~
M= .40 0-

1
/

0 I I
- .

M=.30 0. \ — .
)

-J L I I
‘.8 ‘.6 -.4 -.2 0 .2 .4 .6 .8 1.0 1.2

SECTION LIFT COEFFICIENT ~ .CX NATIONAL ADVISORY
cOMMITTEE FOII AERONAUTICS

Fleuiw S7.-THE VARIATION OF SECTION MOMENT COEFFICIENT WITM LWTCOEFFICIENT r

FOR THE NACA 63-212 AIRFOIL.

~@NFIDENTIAL-=.-_=_

.

.

●

c
,-



NACA RM No. ATJ23 Fig .38

~ E,

-..

4

MACH N UMBISR , M

.3 .4 .; Sk .7 .8 .9
I ., —

—
-.--

-— ——— —
—.

— ..-.——-. .- _ __ ——---—- ___ b---1 ‘-
‘\\

\ 3
NACA 63-2o6

\

–––-– NACA 63-208
\

—– NACA 63-210
\

—––NACA 63-212

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

r

FIGURE 38.– THE VARIATION OF SECTION MOMENT COEI=FICIENT
WITH MACH NUMBER AT THE DESIGN LIFT COEFFICIENT

f=oR NACA 63-sERIES AIRFOILS.
CONF-lDENTl&

.



Fig .39 NACA RM No. A7J23

.1 “
IXINFIDENTIAL..— --

,-

0 + .3 .4 .s .6 .7 .? .9 ~

~

-%
I NACA 63-206-. \

1--. — NACA”” b4-20b (~LF. 1) \
\

$ -.2

5 d?+
.3 .4 .5 .6 .7 .8--- -_

--~ “9 M

P- -\- --\
z

..-—. --

Ill -x
--

G
ii -;’

~

NACA b3-208”- 1
k -—— NACA 64.-208 (REF. 1)
o
u

. , \

t- -.2-
i%
2 .4 .Ej .6 .-l?. .8 .? ~
o
2

—, ---- ___ --- .__

z ~ “ 1- ----_-_-

g -.1
NACA 63-2Io

--—- NACA 64-210 (REF. 1)
$

\ .
I I

-.2 MACH NUMBER, M

.4 .5 ‘~ .7 .8 .9
-—. ___ _

--- .
-- i

--- __ \

NACA 63-212
-\

-.1 r
\-——— NACA b4-212 (REF. 1) NATIONAL ADVISORY

I I
COMMITTEE FOR AERONAUTICS

FIGuRE 39.- COMPARISON OF THE ,VA.RrATION OF SECTION

MOMENT COEFFICIENT WITH MACH NUMBER AT THE

DESIGN LIFT COEFFICIENT FOR NAcA 63- AND @l--

SERIES AIRFoILS.

CON FlDENTtA12


